Introduction {#Sec1}
============

In recent years, the number of Dutch adolescents drinking at a young age has increased (Monshouwer et al. [@CR22]). At the same time more knowledge of the risks involved in underage drinking has become available (Behrendt et al. [@CR3]; Brown et al. [@CR8]). Although the literature shows mixed findings on the effectiveness of preventive alcohol interventions (Foxcroft et al. [@CR13]; Spoth et al. [@CR27]b), some interventions have proved to significantly affect the drinking behavior of adolescents. However, interventions may have different effects on different subgroups of adolescents. Thus, a relevant question is whether these effects apply to adolescents in general.

So far, most studies examining moderation effects focused on demographic moderators, such as gender, level of education and ethnicity, or on the initial level of outcome of interest (e.g., Brown et al. [@CR6]; Sloboda et al. [@CR24]; Spoth et al. [@CR29]). For example, although most studies find more favorable effects of alcohol interventions in adolescents who drink more frequently at baseline (Brown et al. [@CR6]; Spoth et al. [@CR28]a), not much support for beneficial effects in other higher-risk groups (e.g., boys and adolescents in lower education) has been found (e.g., Spoth et al. [@CR29]; Trudeau et al. [@CR33]). However, it is particularly relevant to analyze whether the theoretically relevant factors that are targeted in the intervention also act as potential moderator variables.

Examination of the moderation effects of intervention-induced factors is important for two reasons. First, it provides theoretical evidence for the justification of targeting these specific factors in interventions. Second, insight into subgroups who have more favorable effects from an intervention helps in finding the best target groups for implementing this intervention (Kraemer et al. [@CR20]), especially when these subgroups can be identified by demographic variables. Thus, it is relevant to examine the moderating role of the intervention-induced factors on the effect of the intervention condition on outcome of interest.

Recently, a Dutch school-based multi-component prevention program (PAS; Prevention of Alcohol use in Students) was shown to effectively postpone the onset of drinking by 10% when early adolescents as well as their parents were targeted (Koning et al. [@CR18]), whereas targeting adolescents or parents separately revealed no significant effects. The adolescent part of the intervention was developed with a view to increasing self-control and fostering healthy attitudes in adolescents. This target behavior was chosen because the inability to refuse alcohol (low self-control) in adolescents appears to be a powerful predictor of (onset of) alcohol use in adolescents (e.g., Wills et al. [@CR37]). Therefore, increasing the level of self-control in adolescents is often targeted in alcohol interventions, in many cases successfully (Foxcroft et al. [@CR13]; Tobler et al. [@CR32]). In the parent intervention, parents were encouraged to maintain restrictive rule setting and attitudes about alcohol use. This target behavior was chosen on the basis of a number of studies that consistently revealed strong effects of restrictive parenting (rules and attitudes about alcohol) on adolescent drinking (Koning et al. [@CR15]b; Spijkerman et al. [@CR26]; Van der Vorst et al. [@CR35], [@CR34]; Yu [@CR38]). That is, adolescents with stricter parents (e.g., who prohibit drinking) are less likely to drink alcohol (heavily). In addition, interventions targeting parenting behavior in order to induce change in their offspring's drinking have shown very promising results (Smit et al. [@CR25]; Spoth et al. [@CR27]b).

The combined intervention considered in this study revealed that this intervention indeed modified the theory-based factors as hypothesized. By increasing self-control among adolescents and by enhancing strict rule enforcement and negative attitudes in parents about adolescent alcohol use, the onset of weekly drinking was postponed (Koning et al. [@CR17]a). Koning et al. ([@CR18]) showed that only when both adolescents and their parents were targeted was the onset of drinking postponed, whereas the separate parent or adolescent interventions were not effective. This makes us wonder if the combined intervention is differentially effective for different levels of self-control and restrictive parenting. In addition, the separate interventions may become effective if high levels of self-control in adolescents and perceived strict parenting are present at baseline. That is, the adolescent intervention may become effective when parents set restrictive rules and have strict attitudes, while the parent intervention may become effective among those adolescents with a high level of self-control.

According to the risk moderation hypothesis, an intervention should be more effective among high-risk groups than among moderate- and low-risk groups. Although this does not seem to account for moderation of demographic factors, it may apply to intervention-induced factors. Adolescents who lack the intervention-targeted protective behaviors can be considered among the high-risk groups. With respect to the PAS intervention, this involves adolescents with low self-control and low restrictive parents at baseline. Therefore, it can be expected that specifically those higher-risk groups of adolescents benefit more from the intervention.

As the student and parent interventions specifically target adolescent self-control and restrictive parenting respectively, more change can be induced in groups that are low at the start of the intervention in comparison to adolescents with high levels of these behaviors at baseline. Increasing self-control in adolescents is often a target of alcohol interventions, in many cases successfully (Foxcroft et al. [@CR13]; Tobler et al. [@CR32]). Moreover, several studies point to the importance of testing self-control among adolescents as a moderator in intervention trials (e.g., Brown et al. [@CR7]; Demmel et al. [@CR10]). Earlier studies have confirmed that a lower level of self-control at baseline indeed appeared to be related to a higher degree of change in the desired direction during the intervention (Brown et al. [@CR7]; Demmel et al. [@CR10]). In addition, Brody et al. ([@CR5]) showed that the effect of their parenting program on conduct problems in adolescents was greater for youth with lower levels of self-control. Yet, to our knowledge, no data are available with respect to the moderation of restrictive parenting. Thus, a relevant question is to investigate whether the combined intervention is indeed most effective in the adolescent groups that are low in self-control and perceived rule setting at baseline and in parents with a tolerant attitude with respect to adolescent drinking.

Current Study {#Sec2}
-------------

In this study, we examine whether the degree to which baseline levels of factors accountable for the effect of the combined PAS intervention (i.e., self-control, perceived parental rules and parental attitudes about alcohol use) moderate the effects of the different intervention conditions (parent and student intervention separately and simultaneously). In addition, in order to detect the subgroups on whom the intervention has more favorable effects, the characteristics of these subgroups have to be identified. Demographic factors that have been found to relate to low self-control in adolescents or permissive parenting are gender (Sumter et al. [@CR30]), age (Sumter et al. [@CR30]; Van der Vorst et al. [@CR36]), level of education (Spijkerman et al. [@CR26]) and religion (Spijkerman et al. [@CR26]). In a cluster randomized trial, the effects were measured for onset of both weekly and heavy weekly drinking at 34-month follow-up in a sample of 3,417 adolescents and their parents.

Method {#Sec3}
======

Procedure and Participants {#Sec4}
--------------------------

In April 2006, 80 schools were randomly selected from the list of all public secondary schools in the Netherlands, and were requested to participate in the study. A total of 20 schools were willing to participate.

Both the students and their parents were involved in this study. Student data were collected in classrooms by online questionnaires, available from a secure website. Research assistants were trained to administer the survey. Questionnaires for parents were sent to their home address, along with a letter of consent. Non-responding parents were encouraged to participate by a written reminder and phone call. The parent who completed the first questionnaire was asked to complete the subsequent questionnaires as well. In most cases (83%), the responding parent was female. Both parental and student data were gathered in September/October 2006, before any intervention was carried out, and again 34 months later in June/July 2009. For a more detailed description of the procedure, see Koning et al. ([@CR18]).

Randomization {#Sec5}
-------------

The participating schools were randomly assigned by an independent statistician to one of the following conditions: 1) parent intervention, 2) student intervention, 3) both parent and student intervention (combined intervention), or 4) control condition consisting of the regular curriculum. Randomization was carried out centrally, using a blocked randomization scheme (block size 5) stratified by level of education, with the schools as the unit of randomization. Within each participating school, all first-year students participated in the intervention. After randomization, one school refused further participation for reasons unrelated to the study. This school was originally randomized to the control condition.

Interventions {#Sec6}
-------------

### Parent Intervention (PI) {#d29e412}

This intervention targets parental rules for their children's alcohol use. The intervention was modeled on a Swedish intervention, The Örebro Prevention program (for details, see Koutakis et al. [@CR19]). The intervention was carried out at the first parents' meeting at the beginning of each school year (September/October 2006 and 2007), in which other school-related topics were also discussed. A brief presentation was given at the plenary meeting by a social worker who was trained by the National Institute of Mental Health and Addiction. Thereafter, parents of children from the same class got together to reach consensus on a shared set of rules about alcohol use. Three weeks later an information leaflet with a summary of the presentation and a report of the outcome of the class meeting was sent to parents' home addresses.

### Student Intervention (SI) {#d29e420}

The SI is the renewed digital alcohol module of the Dutch prevention program 'The Healthy School and Drugs' (HSD). The alcohol module makes use of e-learning and is based on principles of the theory of planned behavior (Ajzen and Fishbein [@CR1]) and social cognitive theory (Bandura [@CR2]). In the interactive lessons students were provided with information about alcohol and the risks involved in drinking. Students were trained to increase their self-control and develop healthy attitudes towards alcohol use by means of exercises such as short movies, texts following questions, animations and a chat room to exchange opinions. Each lesson ends with a summary task, such as creating a flyer or poster. The teachers received training in advance on how they could guide students in completing the lessons. In addition, information was given about how teachers could track the students while carrying out the intervention. The teachers conducted the intervention (four lessons) in all first-year classes in March/April 2007. A hard-copy booster session was provided by the teachers 1 year later in March/April 2008. This booster lesson on paper involved a repetition of the digital alcohol program. For example, propositions were put forward to encourage discussion and recall knowledge obtained from the digital program.

### Control Condition (CC) {#d29e431}

Schools in the control condition were contracted not to start any alcohol-related interventions throughout the study period. However, as basic information about alcohol use is part of the standard curriculum in the Netherlands, which involves the previously supported message of learning to drink alcohol safely instead of prohibiting it, they were allowed to continue this practice. The interventions were implemented and supervised by the National Institute of Mental Health and Addiction.

Demographic Variables {#Sec7}
---------------------

Age (in years), gender, level of education and religion were demographic variables taken into account as covariates and/or predictors. Age was measured by subtracting date of response from the date of birth of the respondent. The level of education reflects the type of education the adolescent engaged in. In the Netherlands, from the first year of secondary school, the educational system consists of different types of secondary education ranging from pre-vocational to pre-university education. This variable was dichotomized into lower (pre-vocational and lower secondary education) versus higher (higher general secondary and pre-university education) level of education. Religion was measured by asking if the adolescent was brought up religiously ('Catholic,' 'Protestant,' 'Islamic,' 'Other, namely' and 'No religion'). In the current analyses, adolescents indicating 'other religion' were recoded as missing (3.6%). Dummy variables were computed with 'no religion' as reference category.

Outcome Measures {#Sec8}
----------------

The outcomes of interest for the proposed study were equal to the outcome measures used in the previous study in which the effectiveness of the intervention was described (Koning et al. [@CR18]). In accordance with the registration of this study in the Trial register (NTR649), we were interested in the effect of the intervention on the incidence rate of onset of drinking. Therefore, dichotomous variables were computed.

The onset of weekly alcohol use was defined by a Quantity-Frequency measure (Engels and Knibbe [@CR11]; Engels et al. [@CR12]). To detect the incidence rate of onset of weekly drinking, the scale was recoded into 0 = 'no weekly use' and 1 = 'weekly user,' if at least one glass of alcohol was consumed on a weekly basis. This was only calculated for those adolescents who indicated a monthly prevalence of drinking. Onset of *heavy* weekly drinking was measured by asking how many glasses of alcohol the student usually drank on a weekend day (Engels et al. [@CR12]). Boys drinking five or more glasses and girls drinking four glasses or more per week were considered to be heavy drinkers. The scale was recoded into a dichotomous variable with 0 = 'no heavy weekly drinking' and 1 = 'heavy weekly drinking.'

Moderators {#Sec9}
----------

Self-control and restrictive parenting factors (rules and attitudes about alcohol) were moderators investigated in this study. All moderators, except parental attitudes, were reported by the adolescent. Due to skewness of the data (see Table [1](#Tab1){ref-type="table"}), all moderators were transformed into dummies (0/1 variables) on the basis of median split and were used to compute interaction variables (cf. Spoth et al. [@CR29]).Table 1Descriptive statistics of demographic and moderating variables and alcohol use%Demographic variablesReligion No religion59.5 Catholic22.5 Protestant13.6 Islamic4.4Gender Boy51.0Level of education Low40.1Alcohol use Weekly drinkers53.8 Heavy weekly drinkers21.2Moderating variables*MeanSD*SkewnessKurtosis Self-control (1--5)3.650.50−0.280.15 Rules about alcohol (1--5)4.640.46−2.046.06 Attitude toward alcohol (1--5)4.590.50−2.4810.77*SD* standard deviation

Self-control measures the ability to control responses, to interrupt undesired behavioral tendencies and refrain from acting on them. The measure is the shorter version of the original measure developed by Tangney et al. ([@CR31]). It consists of 13 items (alpha = .74) that were rated on a 5-point scale, ranging from 1 '*not at all like me*' to 5 '*very much like me*.' For example, "I have trouble saying no" and "I do certain things that are bad for me, if they are fun." Items were reversely scored, higher scores indicate more self-control. The sample was divided into 0 = 'high self-control' and 1 = 'low self-control' based on the median score.

Rules about alcohol use reflect the degree of rule-setting behavior by the parents, as experienced by the adolescent (Van der Vorst et al. [@CR36]). Items included "I am allowed to have one glass of alcohol when my parents are at home," "I am allowed to drink several glasses of alcohol when my parents are not home" and "I am allowed to drink alcohol when I am at a party with my friends." It consisted of the mean of ten items (alpha = .90) rated on a 5-point scale from 1 '*never'* to 5 '*always'* reversely scored; i.e., higher scores indicate more rule-setting behavior. The median split was used to distinguish strict parents from lenient parents (scored as '0' and '1' respectively), as perceived by the adolescent.

Attitudes about alcohol use measure the degree to which the parent finds it acceptable (1 = not at all acceptable to 5 = very acceptable) for a 12/13-year old adolescent to drink alcohol in various situations (Brody et al. [@CR4]; Van der Vorst et al. [@CR35]). Originally seven items were listed; in this study we added one item (drink alcohol on a Saturday evening with parents; alpha = .79). Responses were dichotomized, so that parents with strict and lenient attitudes (scored as '0' and '1' respectively) could be distinguished.

Statistical Analyses {#Sec10}
--------------------

Data were analyzed in accordance with the intent-to-treat principle. All analyses were conducted with Stata/SE version 9.2. At follow-up, 13.8% of the data were missing, mainly due to students changing schools. Missing data were handled by regressing imputation as implemented in Stata while using rules and attitudes about alcohol, alcohol use by both the students and their parents at baseline and age, gender, and level of education (lower vs*.* higher secondary education) as predictors of outcome.

The randomization had resulted in a slightly uneven distribution across the active conditions compared with the control condition in terms of age, gender, and level of education. Therefore, the moderation analyses were conducted with these variables as covariates to control for any possible bias stemming from the imbalance.

The cluster effect (introduced in the data since students were 'nested' in classes) was handled data-analytically by getting robust variance-related estimates based on the first-order Taylor-series linearization method, using Stata's procedures for design-based analyses. We corrected for the cluster effects at class level, as the interventions were carried out in classes. To test moderation effects, interaction variables were computed between the moderator and the intervention dummies (received vs. did not receive the intervention). Furthermore, multiple logistic regression was used to analyze the main and moderation effects. Post estimation linear combination calculations, as implemented in Stata, were used to be able to interpret the significant moderation effects.

Participants {#Sec11}
------------

A total of 3,490 students were asked to participate in the study. Of these, 122 students did not participate due to the refusal of their parents, or because they were absent from school the day the questionnaire was administered. This resulted in a response rate of 97% (*N* = 3,368) at baseline. It was required to include only students who did not meet the criteria for weekly drinking at baseline, and were therefore 'at risk' of becoming manifest as new cases of (heavy) drinking at follow-up. Therefore we excluded 431 students (12.7%) who already were weekly drinkers at baseline (*n* = 306), or who responded inconsistently on the quantity and frequency items measuring weekly drinking (*n* = 125). This resulted in a total of 2,937 students and 81% of their parents eligible for analysis. Of this group, a total of 2,533 students (86.2%) and 63.3% of their parents stayed in the program and completed the follow-up assessment after 34 months. Intention-to-treat analyses were based on 2,937 students not manifesting weekly drinking at baseline and 2,381 parents.

Characteristics of the Sample at Baseline {#Sec12}
-----------------------------------------

The total student sample had a mean age of 12.66 (*SD* = 0.49), consisting of 51% boys, and 40% in lower secondary education (Table [1](#Tab1){ref-type="table"}). Most students reported not having any religion (59.5%). An extensive description of the sample at baseline for each condition can be found in Koning et al. ([@CR18]). Of all participating parents, most were female (81%) and between the age of 35 and 49 (90%). More than one third of the parents had secondary education (38%), 34% vocational education and 27% third-level education.

Results {#Sec13}
=======

Onset of Weekly Drinking {#Sec14}
------------------------

Tables [2](#Tab2){ref-type="table"}, [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"} depict the main and interaction effects of intervention conditions with self-control and rules and attitudes about alcohol use respectively on the onset of weekly drinking.Table 2Interaction effects between intervention conditions and self-control on the onset of weekly drinking while controlling for age, gender and level of education*OR*95% *CI*Main effects Age*1.33*1.13--1.55 Gender (1 = boy)0.930.78--1.11 Level of education (1 = low)1.170.95--1.45 Parent intervention1.000.65--1.54 Student intervention1.020.69--1.51 Combined intervention0.840.56--1.27 Self-control (1 = low)*1.77*1.30--2.43Interaction effects Parent intervention x self-control0.700.42--1.17 Student intervention x self-control0.690.46--1.05 Combined intervention x self-control*0.62*0.40--0.96*OR* Odds Ratio, *CI* Confidence IntervalORs in italic are statistically significant (*p* \< .05)Table 3Interaction effects between intervention conditions and rules about alcohol on the onset of weekly drinking while controlling for age, gender and level of education*OR*95% *CI*Main effects Age*1.37*1.17--1.61 Gender (1 = boy)0.930.78--1.11 Level of education (1 = low)1.200.97--1.48 Parent intervention1.000.65--1.54 Student intervention1.010.72--1.44 Combined intervention1.010.71--1.44 Rules about alcohol (1 = lenient)*2.50*1.79--3.48Interaction effects Parent intervention x rules0.670.44--1.01 Student intervention x rules0.720.46--1.13 Combined intervention x rules*0.63*0.41--0.98*OR* Odds Ratio, *CI* Confidence IntervalORs in italic are statistically significant (*p* \< .05)Table 4Interaction effects between intervention conditions and attitude about alcohol on the onset of weekly drinking while controlling for age, gender and level of education*OR*95% *CI*Main effects Age*1.38*1.16--1.64 Gender (1 = boy)0.950.79--1.15 Level of education (1 = low)1.180.94--1.47 Parent intervention0.760.57--1.41 Student intervention0.740.59--1.34 Combined intervention0.570.52--1.19 Attitude toward alcohol (1 = lenient)1.200.56--1.23Interaction effects Parent intervention x attitude1.180.68--2.06 Student intervention x attitude1.190.71--2.02 Combined intervention x attitude1.370.83--2.26*OR* Odds Ratio, *CI* Confidence IntervalORs in italic are statistically significant (*p* \< .05)

Self-control in adolescents moderated the effect of the combined intervention on the onset of weekly drinking (*OR*~interaction~ = 0.62; 95% *CI* 0.40--0.96, *p* = 0.04). Post estimation calculations showed that the effect of the combined intervention on weekly drinking was significant among adolescents with low self-control (*OR* = 0.52; 95% *CI* 0.36--0.75, *p* = 0.00), and not significant among adolescents with high self-control (*OR* = 0.84; 95% *CI* 0.56--1.27, *p* = 0.42). Thus, the combined intervention is only effective in adolescents with low self-control and not in adolescents with high self-control at baseline (Fig. [1](#Fig1){ref-type="fig"}). No moderation effects of the student and parent interventions separately were found.Fig. 1Percentages (unadjusted) of weekly drinkers with low and high self-control in the combined and control c*ondition*

Rules about alcohol moderated the effect of the combined intervention on the onset of weekly drinking (*OR*~interaction~ = 0.63; 95% *CI* 0.41--0.98, *p* = 0.04). Post estimation calculations showed that the effect of the combined intervention on weekly drinking was significant among adolescents reporting that their parents had lenient rules about alcohol use (*OR* = 0.63; 95% *CI* 0.41--0.98, *p* = 0.00), and not significant among adolescents reporting to have strict parents (*OR* = 0.84; 95% *CI* 0.59--1.19, *p* = 0.32). Thus, the combined intervention is effective in adolescents with lenient parents and not in adolescents with strict parents regarding alcohol use (Fig. [2](#Fig2){ref-type="fig"}). No moderation effects of the student and parent interventions separately were found.Fig. 2Percentages (unadjusted) of weekly drinkers with lenient and strict parents in the combined and control condition

Parental attitudes did not moderate the effect of any of the intervention conditions on the onset of weekly drinking.

Onset of Heavy Weekly Drinking {#Sec15}
------------------------------

In addition to the direct effect of the combined intervention on the onset of heavy weekly drinking, no moderation effects of any of the intervention conditions were found. Thus, the effects of the interventions on the onset of heavy weekly drinking did not differ according to the level of self-control, perceived rule-setting and parental attitudes at baseline.

Additional Analysis {#Sec16}
-------------------

In order to be able to detect those subgroups of adolescents that respond most favorably to the combined intervention (a low level of self-control and low restrictive rules about alcohol), we performed logistic regression analyses with level of education, age, gender and religion (religion vs. no religion) at baseline as predictors, and level of self-control (low vs. high) and rules about alcohol (low vs. high) as measures of outcome while controlling for the cluster effect.

Being Islamic as opposed to having no religion reduced the chance of having low self-control (*OR* = 0.47; 95% *CI* 0.31--0.69, *p* = .000), while being at a lower level of education (*OR* = 1.99; 95% *CI* 1.64--2.43, *p* = .000) significantly increased the likelihood of having low self-control (Table [5](#Tab5){ref-type="table"}).Table 5Logistic regression of self-control and rules about alcohol predicted by demographic factors at baseline (gender, level of education and religion)Self-control (1 = low)Rules about alcohol (1 = low)Self-control and rules about alcohol (1 = low on both)*ORp*-value*ORp*-value*ORp*-valueGender (1 = boy)1.16.060.96.641.12.18Age1.05.540.89.180.93.45Level of education (1 = low)*1.99.00*1.15.14*1.61.00*Religion (reference = no religion)Catholic0.89.321.00.990.91.41Protestant.98.910.83.150.94.69Islamic*.47.000.17.000.16.00OR* Odds RatioORs in italic are statistically significant (*p* \< .05)

Being Islamic had the only significant correlation with the level of rule setting in parents. Adolescents of Islamic religion (as opposed to no religion) have a lower risk of reporting low levels of restrictive parenting than adolescents reporting to have no religion (*OR* = 0.17; 95% *CI* 0.09--0.30, *p* = .000).

Logistic regression analysis performed on adolescents reporting both low self-control and low restrictive rule setting (25% of the total sample) showed that, again, level of education and religion were significant correlates of having low self-control and low restrictive parents. That is, adolescents in low education (*OR* = 1.61; 95% *CI* 1.31--1.97, *p* = .000) are more likely and those of Islamic religion (*OR* = 0.16; 95% *CI* 0.08--0.35, *p* = .000) are less likely to have low self-control and to live with low restrictive parents.

Discussion {#Sec17}
==========

In the present study we examined the moderating effects of factors causing the effectiveness of an alcohol intervention targeting parents and adolescents simultaneously (PAS). Of all moderators investigated in this study (i.e., self-control, perceived rule-setting and parental attitudes about alcohol), both the initial level of self-control among adolescents and perceived rule-setting by parents moderated the effects of the combined intervention on the onset of weekly drinking. The present findings revealed that the combined intervention is most effective in delaying the onset of weekly drinking among those adolescents who reported to have low self-control and lenient parents at baseline. This underscores the relevance of targeting self-control in adolescents and restrictive parenting in their parents. No differential effects of the separate parent and student intervention on delaying the onset of (heavy) weekly drinking were found.

The finding that adolescents who perceive their parents to be more lenient towards alcohol use and who experience little behavioral control over their alcohol use benefit more from the combined intervention is in line with the risk moderation theory. According to the risk moderation hypothesis, high-risk groups should benefit more from preventive alcohol interventions than moderate- and low-risk groups. We defined high-risk groups in terms of the theoretically relevant target behaviors of the intervention; i.e., as those scoring low on the target behaviors at baseline. As PAS targeted self-control and restrictive parenting, adolescents with a low level of self-control and low restrictive parents were considered to be a high-risk group. As expected, lower levels of the behaviors targeted by PAS, resulted in more favorable effects of the intervention. The importance of the moderating role of self-control has already been demonstrated by Brown et al. ([@CR7]) in a sample of adults participating in an abstinence-focused inpatient alcohol treatment program. As far as we know, no studies are available that tested the moderating role of rules parents set about alcohol, that were also a target of the alcohol intervention. This study is one of the first showing the relevance of testing moderation of intervention-induced factors of alcohol interventions targeting early adolescents and their parents. In addition to the effects of PAS in the general population (Koning et al. [@CR18]), the fact that the effects were more favorable among the groups scoring low on the intervention-induced behaviors at baseline underlines the appropriateness of choosing self-control and restrictive parenting as targets for the intervention.

We can only speculate about the lack of significance of moderation in respect of parental attitudes. Attitudes of parents about alcohol use, as opposed to specific rules about alcohol, represent not so much concrete behavior as a state of mind. It is possible that the moderating effect of the combined intervention on the onset of (heavy) weekly drinking was not found due to the, sometimes subconscious, cognitive acceptance of parents not to agree with early drinking. On the other hand, changing their behavior by setting rules requires more effort from parents and results in those parents who were lenient showing the highest rates of change.

The separate parent and student intervention parts did not become effective in subgroups of adolescents, based on their initial level of self-control and restrictive parenting. This may indicate that the effects of the separate interventions were not strong enough to foster change in onset of drinking even when the pertinent behaviors were low at baseline. However, the results do suggest that the separate interventions tend to be more beneficial for adolescents with low self-control and those experiencing lenient parenting. But in order to significantly impact the onset of drinking in early adolescents, behaviors in both parents and adolescents should be targeted. These findings underscore the additional effect of the combined intervention over and above the separate interventions.

While a differential effect of the combined intervention was found for the onset of weekly drinking, this was not the case for the onset of heavy weekly drinking. That is, the effect of the combined intervention on the onset of heavy weekly drinking did not differ across the level of self-control and strict parenting. We can only speculate as to why the results are different for weekly and heavy weekly drinking. It is possible that self-control and parenting are mostly related to the onset of less severe drinking behavior, due to the high variance within adolescents and parents. In this way the intervention can induce high rates of change in a large number of adolescents scoring low on these behaviors. However, once adolescents drink heavily on a weekly basis, the lower variance of self-control and strictness of parents may explain the lack of differential effect in these subgroups. More research on the role of self-control and parenting in diverse drinking intensities could provide more insight into this issue.

Additional analyses showed that those at risk for having low self-control and low restrictive parents are particularly found among the lower educated and non-Islamic adolescents. This finding is in support of a previous study that demonstrated that adolescents from families with a lower socioeconomic status were more likely to have more lenient parents (Spijkerman et al. [@CR26]). In addition, as drinking alcohol is not accepted in Islamic cultures and therefore alcohol use is not very common among immigrant groups (Monshouwer et al. [@CR21]), parents of immigrant youth are expected to be more strict about alcohol. On the other hand, adolescents in lower education are at higher risk for alcohol use (Salonna et al. [@CR23]). Thus, the level of education and religion of the adolescent are significant indicators for identifying the subgroups of adolescents who benefit most from the combined intervention.

Study Limitations {#Sec18}
=================

The results of this study should be considered in the light of some limitations. First, the results are based on self-reported questionnaires. Although susceptible to social desirability biases, self-reports on alcohol use are found to be a valid method to assess alcohol use in adolescents (Del Boca and Darkes [@CR9]; Koning et al. [@CR16]c). Second, the findings are based on one follow-up measurement only. Examining differential effects of the PAS intervention on alcohol use at later follow-ups may demonstrate the strength of the current results. Third, one should be careful in generalizing the findings to other countries with other drinking cultures. The Netherlands is considered to have a fairly lenient drinking culture, in which adolescents drink more frequently relative to other European countries (Hibell et al. [@CR14]). Therefore, replication of this study in other countries is necessary in order to generalize these findings to countries with a stricter drinking culture. Fourth, although we managed to include the number of schools and participants that were needed to power the trial (see Koning et al. [@CR18]), only 25% of all schools that were approached actually participated. No data are available on whether the participating schools differ from the non-participating schools. This may affect the generalizability of our findings. Last, in this study we included education, age, gender and religion as predictors to detect the specific subgroups that the intervention may benefit the most. It should be noted, however, that apart from these characteristics, other predictors could have been useful to include in the analyses, such as family situation and problematic behavior.

Implications {#Sec19}
============

The present and previous results of the PAS intervention (Koning et al. [@CR18]) indicate the need for targeting adolescents as well as parents, over and above targeting either of them separately in a school setting. It is suggested that the concurrent increase of self-control in adolescents and restrictive parenting in parents are behaviors that can be targeted effectively by alcohol interventions. Prevention workers and schools wanting to delay the onset of weekly drinking should be informed by the Netherlands Institute of Mental Health and Addiction about the importance of implementing the combined PAS intervention aimed at both students and their parents. Adolescents in lower levels of education and in non-Islamic school should be a specific target when implementing the PAS intervention. However, since no adverse effects were found in other groups of adolescents, PAS can be implemented in schools with adolescents from different religious and educational backgrounds. The present findings highlight the conclusion that the separate interventions should not be implemented. Even in cases where adolescents have high self-control and/ or parents have strict rules, the separate interventions are not shown to be effective, thereby indicating that an increase in these behaviors only is not sufficient to foster change. Prevention workers should be kept updated about new insights and knowledge that are obtained in the future.
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